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CASE STUDY 03
Integrated Response to a Compounded Cyber-Physical Critical Infrastructure Crisis

DHS / FEMA + Energy Sector Critical Infrastructure — Compounded Crisis Response

Major natural disaster compounded by sophisticated ransomware and disruptive cyber-attacks on power,
water, and communications systems

$4.9 Million (competitive lower-end) | 35 days intense response + 45-day recovery stabilization

lllustrative case study based on principals’ extensive real-world experience in cyber governance, critical infrastructure protection, hybrid project delivery, and crisis
logistics. Not a claim of prior Quadraux, LLC engagements.
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1. Executive Overview

Mission Background

When a major natural disaster struck a densely populated region, the physical destruction of power substations, water treatment
facilities, and communications nodes was rapidly compounded by sophisticated ransomware and disruptive cyber-attacks
deliberately timed to exploit the chaos. Attackers targeted the temporary degradation of monitoring systems, the surge in
emergency remote access, and the high operational tempo to introduce payloads across power generation and distribution, water
treatment and distribution, and regional communications backbones.

The result was a cascading, multi-domain critical infrastructure crisis that overwhelmed traditional siloed response structures.
Emergency management, cyber incident response teams, and sector-specific Information Sharing and Analysis Centers (ISACs)
found themselves operating with incomplete visibility into interdependencies. Power was required to run water systems;
communications were required to coordinate both; and residual cyber risk remained elevated throughout physical restoration.

DHS, FEMA, and Energy Sector partners required an integrating operational layer capable of establishing resilient command
systems, prioritizing restoration across interdependent systems using Al-assisted analysis, containing cyber threats in real time
under Zero Trust principles, and maintaining continuity of essential services under extreme time pressure and continuously
expanding scope. Quadraux was engaged to provide that layer.

Key Outcomes at a Glance

Recovery Speed 28% faster restoration of critical services versus baseline projections

Cyber Posture Zero successful follow-on attacks after initial containment

Budget Performance 23% under budget (~$1.13M savings on $4.9M engagement)

Workforce Development 150+ personnel trained in hybrid cyber-physical response protocols

Mission Continuity Critical services restored and sustained across power, water, and communications
Duration 35 days intense response + 45-day recovery stabilization
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2. Operational Environment & The Challenge

The operational environment combined the physical devastation of a major natural disaster with a deliberate, sophisticated cyber
campaign. Attackers exploited three converging conditions: (1) temporary degradation of continuous monitoring and logging
systems caused by physical damage and power instability; (2) a rapid expansion of remote access and temporary network
segments required for emergency operations; and (3) the high tempo of restoration work that limited the ability of traditional
change-control and security-review processes to keep pace.

Ransomware and disruptive payloads were introduced across power generation and distribution assets, water treatment and
distribution systems, and regional communications infrastructure. The cascading effects were immediate: loss of SCADA visibility in
some substations, degraded water quality monitoring, and intermittent failure of emergency communications channels that
responders relied upon for coordination.

Primary Challenge Dimensions

» Concurrent physical destruction and cyber-induced failures creating cascading interdependencies across power, water, transportation,
and communications, where restoration of one domain was blocked by residual risk or outage in another.

* Traditional siloed response structures (emergency management, cyber incident response, sector-specific ISAC coordination, and
utility mutual-aid networks) overwhelmed by the dual nature of the crisis and lacking a common operating picture that spanned both
physical and cyber domains.

 Urgent requirement for unified situational awareness that could simultaneously display physical damage assessments, cyber threat
activity, interdependency status, and restoration progress.

» Need for prioritized restoration sequencing that explicitly accounted for interdependencies (power required for water systems and
communications; communications required for field coordination and remote ICS monitoring).

* Robust cyber resilience measures, including continuous verification and micro-segmentation, required while physical restoration was
underway under elevated threat conditions and expanding temporary network footprints.

* Disciplined project controls under extreme time pressure and continuously expanding scope, without allowing governance to become
a bottleneck that slowed life-saving restoration.

The central requirement was an integrating layer that could operate simultaneously across the Diplomatic, Information,
Military/Operational, and Economic dimensions while rigorously protecting Time, Scope, Cost, and Value.
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3. Stakeholder Ecosystem

Successful response required rapid alignment across a complex multi-sector ecosystem. No single agency or utility held the full
picture or the full set of authorities. Quadraux facilitated a unified coordination construct that brought together the following layers
within the first 72 hours:

Federal DHS (CISA, FEMA), DOE, Sector Risk Management Agencies, FBI (cyber coordination)

State & Local Emergency Management Agencies, Public Utility Commissions, Municipal Operators, National Guard support
elements

Energy Sector Investor-owned utilities, Cooperatives, Independent Power Producers, Electricity ISAC participants

Water Sector Municipal and regional water authorities, treatment plant operators, Water ISAC

Communications Telecom providers, regional network operators, emergency communications centers

Private / NGO Critical infrastructure owners, mutual-aid networks, technical assistance organizations, equipment vendors

A secure Joint Operations / Coordination Cell was established within the first 72 hours. Role-based access, a common operating
picture spanning physical and cyber domains, and encrypted collaboration channels allowed decision-makers to operate from a
shared understanding of interdependencies and restoration priorities. This construct directly addressed the long-standing
coordination friction documented in multi-agency disaster response literature and enabled the hybrid project management model to
function across organizational boundaries.
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4. Quadraux Mission Success Framework — D.I.M.E. Integration

Quadraux applied an integrated whole-of-enterprise framework that synchronized the instruments of national power (Diplomatic,
Information, Military/Operational, Economic) with hybrid project management and Al/ML decision support. The center of the

framework is the Quadraux brand mark itself, representing the non-negotiable protection of Time, Scope, Cost, and Value under
every decision.

DIPLOMATIC INFORMATION

cy coordination Al decision support

MILITARY / OPERATIONAL

ECONOMIC

The D.ILM.E. construct was deliberately synchronized against the four Quadraux pillars. Every restoration decision, cyber
containment action, and resource allocation was evaluated for its impact on schedule, scope integrity, cost discipline, and delivered

mission value. This prevented the common failure mode in which speed is purchased at the expense of accountability or residual
cyber risk is accepted for the sake of physical progress.
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5. Operational Timeline

The intense response window was organized into five deliberate phases that balanced rapid containment with disciplined
restoration prioritization. Each phase had explicit decision gates and was executed under the hybrid project management model
(PMBOK structure for risk, cost, and reporting; Agile/PMI-ACP iterative sprints for adaptive prioritization).

| — Assess & Contain Days 1-5 Threat isolation, initial COP, stakeholder cell stand-up, critical asset triage

Il — Stabilize & Prioritize Days 6-14 Interdependency mapping, Al-assisted restoration ranking, Zero Trust expansion

Il — Restore & Harden Days 15-25 Sequenced physical restoration, continuous cyber monitoring, residual risk reduction
IV — Sustain & Transition Days 26-35 Sustained operations, knowledge transfer, residual hardening, audit closure

V — Recovery Stabilization Days 36-80 45-day post-intense stabilization, after-action, capability sustainment

The phase structure provided the predictability that external stakeholders and senior leadership required, while the internal 72-hour
sprint cadence allowed the team to re-prioritize restoration sequences every three days based on the latest interdependency
analysis, residual cyber risk scores, and field progress. This combination of fixed outer structure and adaptive inner cycles was
central to absorbing approximately 31% scope growth without schedule slippage.
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6. Cybersecurity Integration & Zero Trust Posture

The cyber dimension of the crisis was not a secondary concern that could be addressed after physical restoration. Residual cyber
risk in SCADA/ICS environments, temporary networks, and emergency remote-access pathways directly constrained which
physical assets could be safely restored and which field teams could operate. Quadraux therefore treated cyber containment and
Zero Trust expansion as co-equal workstreams with physical restoration from Day 1.

Key objectives included continuous verification of identity and device posture, micro-segmentation of restored and temporary
segments, ML-based anomaly detection tuned to the elevated baseline of emergency operations, and rapid hardening of any
system returned to service. The result was zero successful follow-on attacks after initial containment, despite the expanding attack
surface created by temporary networks and emergency access.

CYBER-PHYSICAL OPERATIONS DASHBOARD | OPERATION VEILFORGE
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7. Logistics Optimization & Resource Mobilization

Physical restoration under dual physical and cyber constraints required precise logistics. Specialized crews, heavy equipment,
replacement transformers and switchgear, chemical supplies for water treatment, and temporary communications kits all competed
for scarce transportation capacity and limited access windows. Traditional logistics models that assumed open roads and stable
power were inadequate.

Quadraux applied Al-supported route optimization, real-time visibility of crew and equipment status, and interdependency-aware
sequencing so that logistics movements supported the highest-priority restoration nodes first. Predictive models flagged emerging
bottlenecks (fuel, lodging, specialized parts) before they became schedule drivers. The combination reduced idle time for critical
crews and contributed directly to the overall 28% acceleration in recovery relative to baseline projections.

Resource allocation decisions were continuously re-scored against residual cyber risk: a site that could not yet be safely monitored
or remotely controlled was deprioritized for major equipment installation until the Zero Trust and monitoring posture was adequate.
This prevented the classic failure mode of restoring physical capacity only to lose it again to a follow-on cyber event.
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8. Hybrid Project Management & Cost Discipline

Quadraux employed a hybrid project management framework that deliberately combined PMBOK governance (risk registers,
earned value, formal change control, stakeholder matrices, and executive reporting) with Agile/PMI-ACP iterative execution
(72-hour sprints, adaptive prioritization, continuous improvement, and rapid feedback loops). The hybrid model was not a
compromise; it was the enabling condition for absorbing significant scope growth while still finishing the intense response window
with a Schedule Performance Index of 1.18 and a Cost Performance Index of 1.23.

HYBRID PROJECT MANAGEMENT DASHBOARD | PMBOK GOVERNANCE + AGILE EXECUTION

Risk Register Active - 47 items tracked Sprint Cadence T2-hour cycles
Earned Value SPI1.18 | CPI1.23 Backlog Priority Al-assisted ranking
Change Control Formal gates retained Daily Stand-ups JOC + Sector leads

Stakeholder Matrix Updated daily Retrospectives End of every sprint

Scope Flex
Executive Reporting 48-hr cadence Adaptive Scope +31% absorbed _
Cost Baseline Protected (23% under) Velocity Trend T 22% by Day 21 _

Assess & Stabilize & Restore & Sustain &
Contain Prioritize Harden Transition

r sprint produced a re-prioritized restoration backlog informed by Al interdependency analysis and residual cyber risk

Formal risk and cost controls protected the engagement from uncontrolled expansion, while the short adaptive cycles allowed the
team to re-sequence work every three days based on the latest interdependency analysis and field conditions. Scope growth of
approximately 31% was absorbed without schedule slippage because the hybrid model treated evolving conditions as expected
input rather than as exceptions that required lengthy change-control theater.
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9. AI/ML Decision Advantage

Artificial Intelligence, Machine Learning, Deep Learning, and Large Language Model capabilities were embedded as decision
accelerators rather than as bolt-on analytics. Predictive models forecasted restoration bottlenecks and demand spikes. ML-based
anomaly detection operated across both IT and OT environments. Interdependency graphs continuously re-ranked the restoration
sequence. LLM-augmented interfaces allowed commanders and sector leads to query the common operating picture in natural
language, dramatically reducing the time from data to understanding.

All' Al output remained advisory. Human decision-makers retained final authority, and every recommendation carried an explicit
residual-risk score and interdependency rationale. This human-in-the-loop design preserved accountability while still delivering
measurable compression of the observe—orient—decide—act loop.

Al / ML / DL DECISION ADVANTAGE | PREDICTIVE RESTORATION & THREAT INTELLIGENCE
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Analytics Detection Graphing Optimization
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10. Results & Impact

The integrated approach delivered measurable outcomes across all primary mission objectives while protecting the foundational
Quadraux pillars of Time, Scope, Cost, and Value under conditions of concurrent physical and cyber disruption.

Recovery Speed 28% faster restoration of critical services versus baseline projections

Cyber Resilience Zero successful follow-on attacks after initial containment; continuous Zero Trust posture maintained
Cost Performance 23% under budget (~$1.13M savings on $4.9M engagement); CPI 1.23

Schedule Performance SPI 1.18; intense response window completed ahead of critical path

Scope Management Approximately 31% scope growth absorbed with no schedule slippage

Workforce 150+ personnel trained in hybrid cyber-physical response protocols

Mission Continuity Critical services restored and sustained across power, water, and communications

Auditability Full decision trail, cost accountability, and after-action documentation maintained

These results were not the product of any single technology or methodology. They emerged from the deliberate integration of
hybrid project management, Zero Trust cyber posture, Al-assisted prioritization, and multi-sector stakeholder alignment under a
single D.I.M.E. framework that never allowed Time, Scope, Cost, or Value to be traded off against one another without explicit
decision.
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11. Lessons Learned & Why Quadraux

Critical Success Factors

» Unified multi-sector governance that produced a common operating picture spanning physical and cyber domains within the first 72
hours.

* Hybrid project management that retained formal risk and cost controls while running short adaptive cycles capable of absorbing
significant scope growth.

« Zero Trust principles applied as an operational capability rather than a compliance project, continuous verification even while
temporary networks expanded.

» AI/ML embedded as decision accelerators with explicit human-in-the-loop authority, residual-risk scoring, and interdependency
rationale on every recommendation.

* Deliberate protection of Time, Scope, Cost, and Value as non-negotiable constraints throughout the response, preventing speed from
being purchased at the expense of residual cyber risk or accountability.

* Logistics and restoration sequencing that treated cyber residual risk as a first-order constraint on physical progress, not a secondary
concern.

Core Capabilities Utilized
« Strategic Advisory & Crisis Management
» Cybersecurity Governance, Zero Trust Architecture & Incident Response
» Critical Infrastructure Protection (Power, Water, Communications)
* Hybrid Project Management (PMBOK + Agile/PMI-ACP)
 AI/ML Decision Support, Predictive Analytics & LLM-augmented COP
» Operational Logistics & Resource Optimization under Dual Constraints
* Resilience, Continuity Planning & Workforce Development

Closing Statement

Quadraux combines strategic leadership, cybersecurity depth, technology integration, operational logistics expertise, and
mission-focused execution to help organizations navigate complex, high-consequence environments. When physical disruption and
cyber-attack converge, the organizations that prevail are those that have already decided to treat structure and speed as partners
rather than alternatives, and that protect Time, Scope, Cost, and Value as non-negotiable pillars under every decision.

When Crisis Strikes, Quadraux Delivers.
Prepared. Protected. Connected. Resilient.

lllustrative case study based on principals’ extensive real-world experience in cyber governance, critical infrastructure protection, hybrid project delivery, and crisis
logistics. Not a claim of prior Quadraux, LLC engagements.
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